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aach year echocardiography progresses along similar paths.
hese paths consist of: 1) the introduction and validation of
ew technology; 2) the refinement and extension of existing
iagnostic methods; and 3) the application of new and
stablished techniques to areas of clinical focus. Over time,
owever, the introduction of new techniques in any area
radually decreases, and in areas where analysis is complex
nd time-consuming, the focus shifts to more rapid and
utomated processing and quantitation. So it has been in the
ast year in echocardiography, where the major advances
ave been in the areas of image and Doppler processing and
utomated analysis. In this review, an attempt is made to
ighlight and clarify some of these new methods and to
ndicate areas of potential clinical application. However, in
nalyzing these data and methods, it is important to
emember that the more automated a process, the further
emoved the operator becomes from the raw data and hence
he underlying sources of error. Understanding these poten-
ial sources of error therefore becomes increasingly impor-
ant. It is also important to distinguish between tech-
iques that inherently answer important questions and
hose searching for a distinguishing question to answer.
NTRODUCTION AND
ALIDATION OF NEW TECHNOLOGY
eal-time 3-D echocardiography (RT3-DE). RT3-DE im-
ging and Doppler devices have been available for several
ears. Unfortunately, limited image resolution and lengthy
nalysis time have limited widespread application of RT3-
E, and the incremental value of this approach in clinical
ractice is still being defined. Most research to date has
ocused on the validation of RT3-DE for the assessment of
lobal and local ventricular function, with feasibility docu-
ented and correlations with objective standards generally
uperior to those obtained using conventional two-
imensional methods when volumes were obtained at end
iastole and end systole. More recently, the ability of a
emi-automated RT3-DE approach to provide continuous
easures of global and regional left ventricular (LV) vol-
me, volume change, and regional time-wall motion curves
as assessed in comparison with cine magnetic resonance
maging (MRI). The authors used a level set approach to
dentify the endocardial surface after first guiding the
lgorithm by manually defining multiple points along theo
From the Massachusetts General Hospital, Boston, Massachusetts.
Manuscript received November 9, 2005; accepted December 1, 2005.ndocardial surface from equiangular, end-diastolic apical
lanes separated by 45°. From this starting point, the
lgorithm identified (using the preceding frame as an initial
ondition) the endocardial surfaces of sequential frames for
he entire cardiac cycle. The LV long axis (a line drawn from
he midpoint of the mitral annulus to the apical tip) was
hen trisected; six wedge-shaped segments for each level
base, mid-ventricle, and apex) were defined; and the total
olume, volume at each level, and volume for each segment
ere computed for each point in the cardiac cycle. Total
nalysis time was 15 min. In a group of 16 patients
elected for adequate two-dimensional images, linear re-
ression analysis for RT3-DE and MRI end-diastolic vol-
me (EDV), end-systolic volume (ESV), and ejection frac-
ion (EF) yielded high correlation coefficients (r  0.99,
.99, and 0.98, respectively) with regression slopes near
nity. When point-by-point volumes were compared, the
verall correlation was again excellent (r  0.99). However,
he 95% confidence intervals (CIs) increased to 20 ml
18.7% of the mean MRI value). When partial volumes
ere analyzed, the agreement at the base and mid-ventricle
as maintained, but decreased to r  0.80 for the apical
egments. The correlation between MRI- and RT3-DE–
erived peak wall motion was modest (r  0.69) when all
egments were combined with 95% CIs of4.6 mm. When
pical segments were removed, the correlations improved
r  0.89) with the 95% CI of 2.6 mm. When patients
ith global LV dysfunction (dilated cardiomyopathy n  9)
ere compared with a similar group of selected normal
ubjects, RT3-DE showed significant differences between
roup difference in EDV, ESV, EF, peak ejection rate, peak
apid filling rate, peak atrial filling rate, index of systolic
synchrony (ISA) (index of LV systolic asynchrony  the
tandard deviation of the time intervals from the R-wave of
he electrocardiogram [ECG] to the minimal regional
olume), and the regional shortening fraction (all p 0.05).
inally, using the regional fractional shortening data from
ormal subjects, it was possible to automatically classify 170
f 198 segments (86%) as normal or abnormal in 11 patients
ith coronary artery disease when compared to expert
nalysis of two-dimensional images. Thus, while this ap-
roach offers the advantage of being largely automated, the
nalysis time remains long for clinical application, and, as
he authors note, using a floating center diminishes the
ffects of translation, albeit at the expense of artificially
ugmenting reported contraction in dysfunctional segments
pposite normally functioning areas. Although this tech-
n
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February 21, 2006:856–63 The Year in Echocardiographyique is promising, much larger studies in non-selected
roups will be required to establish its ultimate clinical value
1).
RT3-DE was also used to estimate regional dyssynchrony
n normal subjects and in patients with varying degrees of
V dysfunction. Regional LV function was assessed from
ime-volume curves of 16 pyramidal volumes originating
rom a computed center of volume, with bases correspond-
ng to segments in a 16-segment LV model. A segmental
yssynchrony index (SDI) was defined from the standard
eviations of the times taken for each segment to reach
inimal volume, expressed as a percentage of the cardiac
ycle, with higher SDIs indicating a greater degree of
yssynchrony. An arbitrary cutoff of three standard devia-
ions was taken to indicate mechanical dyssynchrony. Nor-
al patients had a mean SDI of 3.5 1.8%, compared with
.5  2.4% for patients with cardiovascular disease and a
ormal EF, and 5.4  0.8%, 10.8  2%, and 15.6%  1%
or patients with mild and moderate/severe LV dysfunction,
espectively (p for trend  0.001). The correlation between
V systolic function and SDI persisted irrespective of QRS
uration (r  0.79 and r  0.77 for LVEF in patients with
road [120 ms] and narrow [120 ms] QRS duration,
espectively). In contrast, there was only a weak correlation
etween QRS duration and SDI (r  0.284). Surprisingly,
yssynchrony was more common in patients with moderate
nd severe LV dysfunction and QRS intervals 120 ms
han in those with similar dysfunction and QRS intervals
120 ms (78.8% vs. 62.0%), raising questions about the
pecificity of the method. Cardiac resynchronization ther-
py (CRT) was performed in a subset of 26 patients (QRS
130 ms), with 23 available for follow-up at 10  1
onths. Responders (n  17) had higher SDIs before the
rocedure than non-responders with similar EFs, and dem-
nstrated a significant decrease in dyssynchrony and an
ncrease in LVEF. Despite these promising results, there are
number of methodologic issues that must be considered,
nd, as the authors point out, the accuracy of the method
as never been documented relative to a gold standard. The
otential sources of error include: 1) the calculation of the
entroid (method not described) and delineation of the segment
oundaries, which must be recomputed for each frame and
hich can independently influence the volume and change
n volume of any segment, since the instantaneous volume
f one segment is influenced by all the others; 2) errors in
order definition by the automated border detection algo-
ithm, which are always present; 3) the limited sampling
ate and smoothing of the volume time curves, which can
ffect the perceived time of minimal volume, and 4) regis-
ration errors due to reconstruction of instantaneous vol-
mes from four cardiac cycles. Errors in volume calculation
ay not be a problem in normal ventricles, where the
nterframe differences are great, but as LV function deteri-
rates and absolute volume changes become very small,
rrors introduced in the analysis process will be magnified.
he use of the dyssynchrony index masks these errors by oeparating the result from the underlying data. Finally,
ounting indexes (total number of regions with post-systolic
ysfunction) and variance parameters (statistical variation of
ime to maximal motion) fail to incorporate the spatial
lacement of these regions. This appears important since the
et mechanical deficiency from discoordinate contraction is
reater when segments that are out of phase are geographically
lustered rather than being dispersed throughout the wall (2).
lternatively, the three-dimensional approach may simply be
ore sensitive because it measures radial motion rather than
ongitudinal velocity and circumferential strain (closely linked
o radial strain/contraction), which has recently been shown by
RI tagging studies in a canine heart failure model to be more
ensitive to mechanical dyssynchrony, to follow a different time
ourse, and to provide different information about response to
RT (3).
The ability of RT3-DE with color Doppler to measure
ardiac output (CO) was also assessed in an experimental
tudy by comparison with outputs measured by an ultrasonic
ow probe. A color Doppler plane at the level of the aortic
alve was first defined, and then the outflow area and
ntegrated mean velocity within that area were determined.
here was good correlation between CO derived from the
hree-dimensional Doppler and flow probe data (r2  0.93)
hat improved when the Doppler and flow probe data were
veraged. The RT3-DE overestimated flow probe CO by
.3%. The acquisition was facilitated by the use of small
nimals (2.7 to 11.3 kg), which permitted a relatively high
rame rate and Nyquist limit and direct epicardial probe
lacement, so determination of clinical utility again awaits
urther study (4).
The RT3-DE has also been reported to be of value for
easuring stroke volume (5), LV mass (6), atrial defect size
7), LV ESV, EDV, mass, stroke volume, and EF in
hildren (8), as well as left atrial volume (9), myocardial
erfusion (10), quantitation of mitral valve tenting in
schemic MR (11), and tricuspid stenosis (12). In addition,
number of reports have appeared describing the utility of
T3-DE in individual patients. Despite this steady
rogress, however, routine clinical application remains a
oal rather than a reality. While RT3-DE studies, recapitu-
ating the results from earlier reports based on the reconstruc-
ion of spatially located planes, have shown that three-
imensional methods are more accurate and reproducible than
wo-dimensional echocardiography for the measurement of
ardiac chamber size and morphology, analysis time continues
o limit clinical application.
issue/speckle tracking. During the past several years,
oppler tissue imaging (DTI) has proven to be a valuable
echnique for measuring global and local ventricular func-
ion. The technique is limited, however, in that it can only
eliably report function along the axis of the ultrasound
eam, rather than describing the more complex two- and
hree-dimensional patterns of cardiac motion and deforma-
ion that more completely describe cardiac function. To
vercome these problems, several tissue-tracking algorithms
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The Year in Echocardiography February 21, 2006:856–63ave been developed that attempt to map the motion of the
yocardium directly from the radio frequency data that
orm the basis for two-dimensional B-mode ultrasound
cans. Although they differ slightly, these approaches basi-
ally begin by defining a pixel within a search range placed
ithin the myocardium and then mapping the pattern of
ntensity amplitudes (mask) in a given region around that
ixel. Moving to the next frame, the algorithm begins at the
ame initial pixel location and then sweeps the pattern or
ask from the preceding frame in a pre-defined search
attern around that pixel until the optimal correlation
etween the mask and underlying data is obtained. Using
his approach, the displacement of the mask from its
tarting point, in theory, represents the interframe move-
ent of the underlying tissue. Repeating the processes from
rame to frame throughout the cardiac cycle at multiple
oints around the ventricle gives the amplitude, rate, and
irection of motion at all of the selected starting points and
ence permits the calculation of direction, and velocity of
otion and two-dimensional strain. This approach has the
dditional advantage of being independent of in-plane
ranslation and recording angle. However, there are several
otential limitations. First, the intra-myocardial echocar-
iograms (speckle) being tracked are generally considered to
e a random phenomenon due to the constructive and
estructive interference of the acoustic waves reflected by
catterers in the myocardium (structures that are smaller
han wavelength), rather than arising from specific struc-
ures; therefore, their consistency between frames is not
ssured and, when present, correlation is generally possible
or only short time intervals. Second, when studying fixed
hort-axis planes, apex-to-base shortening during systole
ill cause the portion of the myocardium imaged during
ach frame to be slightly different, so that the speckle
attern should also change independently and the accuracy
f the method may be affected by the contraction of the
entricle. Finally, echocardiographic images are inherently
oisy, and noise that is random can interfere with the
nterframe correlations. As a result, required correlation
hresholds are introduced, below which data are considered
nreliable and hence excluded. The technique would seem
o be most reliable in conditions where the myocardium is
hick and where image quality is good.
Early validation studies have been based on small num-
ers of patients with primarily aortic valve disease and,
resumably, LV hypertrophy, in which speckle is more
bvious and may arise in part from fixed internal structures
nd hence be less variable. In one such study of 15 patients,
speckle-tracking algorithm was compared to DTI velocity
nd tagged MRI studies for the measurement of rotational
otion and velocity. Tissue tracking was feasible in 13 of 15
atients, with very good correlation for both LV rotation
nd rotational velocity between the speckle-tracking algo-
ithm and both of the reference techniques (13).
Using a similar approach in an open-chest ovine model,ongitudinal and radial strain calculated using a tissue- sracking algorithm were compared with sonomicrometer-
easured values, with good correlations obtained (r 
.72 and 0.80) for radial and longitudinal strain, respec-
ively (14).
Multiscale motion mapping (MMM) is another tissue-
racking approach that similarly uses the grayscale levels of
ndividual pixels input into the affine motion equation that
ts best to individual regions to predict local translation,
otation, and deformation. The approach is attractive be-
ause it offers various display formats depicting local velocity
ectors and both the radial and circumferential components
f strain simultaneously (only short-axis views were dem-
nstrated). The approach has performed well in tissue
hantoms, and when compared with tissue Doppler from 11
linical echocardiograms, there was a good correlation between
MM and DTI (r 0.94) with a standard deviation of 7.2%
f the measured range. In 114 clinical cases, wall motion
lassified as normal or abnormal by MMM corresponded to a
majority vote” of clinical experts in 84% of cases. Further
linical validation is in progress (15).
EFINEMENT AND EXTENSION
F EXISTING DIAGNOSTIC METHOD
ontrast echocardiography. DETECTION OF CORONARY
TENOSIS AT REST: Current myocardial contrast echocar-
iographic (MCE) methods for quantitating myocardial
lood flow (MBF) rely on the destruction and measurement
f the rate of subsequent replenishment of contrast within
he region of the myocardium transected by the ultrasound
eam. Because 90% of the myocardial blood volume (MBV)
esides in the capillaries and capillary flow rates approximate
mm/s, it takes 4 to 5 s to replenish the myocardium
nsonated by a beam with an elevation dimension of 4 to 5
m. However, part of this replenishment occurs from
icrobubbles moving at faster velocities in larger intramyo-
ardial vessels, such as arterioles. The pulsing interval versus
icrobubble backscatter amplitude during replenishment,
herefore, is curvilinear, with faster velocities depicting more
apid arteriolar filling. As blood in myocardial arterioles
epresents only a small portion of the MBV, backscatter
rom these vessels is usually negligible when the beam is
ully replenished. However, if the interval between destruc-
ive pulses is short, the signal obtained arises only from the
rterioles, since neither the capillaries nor the venules have
ime to fill. Thus, the signal representing arteriolar blood
olume (aBV) can, in theory, be obtained by this approach.
s forward flow in large intramyocardial vessels occurs
redominantly in diastole, aBV signals on MCE are nor-
ally seen predominantly during diastole.
However, in the presence of coronary stenosis, autoreg-
lation causes dilation of 150- to 300-m arterioles, result-
ng in an increase in arteriolar and total coronary blood
olume that increases as the degree of coronary stenosis
ncreases. During systole the change in intracavitary pres-
ure is transmitted to the subendocardium, causing retro-
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February 21, 2006:856–63 The Year in Echocardiographyrade displacement of the aBV into the larger vessels,
esulting in a systolic signal on MCE. Because aBV is larger
hen a stenosis is present, there is likely to be a greater
nflow of microbubbles from adjacent smaller arterioles and
n increase in the systolic signal. A prior animal study
emonstrated that that the systolic-to-diastolic (S/D) aBV
ignal ratio measured at rest increases in proportion to the
egree of coronary stenosis (16). In an attempt to see if
hese findings could be reproduced in the clinical environ-
ent, patients with varying degrees of coronary stenosis on
uantitative angiography underwent high-mechanical-index
CE at 15 Hz to allow measurement of phasic changes in
BV in large intramyocardial vessels. Patients were studied
sing either Definity (n 22, group 1) or Imagent (n 22,
roup 2). For each level of stenosis severity (none, mild
50%], moderate [50% to 75%], and severe [75%]),
rogressive increases in the background subtracted systolic/
iastolic aBV signal ratio were noted: group 1 (0.09  0.13,
.13  0.08, 0.58  0.22, and 0.77  0.40, p  0.001) and
roup 2 (0.10 0.05, 0.27 0.18, 0.39 0.28, and 0.74 0.37,
 0.0001). In group 1 patients, an S/D aBV ratio of
0.34 provided sensitivity and specificity of 80% and 71%,
espectively, for the detection of 75% stenosis, whereas as
atio of 0.43 provided a sensitivity and specificity of 89%
nd 74% in group 2 patients. This study demonstrates for
he first time that coronary stenoses can be detected by
CE at rest in patients with suspected coronary disease.
owever, the authors suggest that the ratio may be inde-
endently affected by heart rate, cardiac contractility, and
ollateral flow. In addition, systolic arteriolar flow reversal is
ot uniform throughout the myocardium, which may fur-
her complicate the use of this technique (17,18).
In other studies, it was reported that: 1) MCE permitted
ifferentiation of ischemic from non-ischemic acute heart
ailure on the basis of the detection of flow-limiting stenoses
19); 2) when combined with regional function assessment,
CE improved early risk assessment in a large group of
atients presenting to the emergency department with chest
ain and non-diagnostic ECGs—potentially improving
riage—and when combined with clinical variables, was
uperior to the Thrombolysis In Myocardial Infarction
TIMI) score in predicting subsequent long-term events
20); and 3) when combined with dobutamine-atropine
tress echocardiography (DSE), MCE and wall-motion
bnormality were equally sensitive for detecting left anterior
escending coronary artery stenosis (70%) (however,
CE increased the sensitivity of detection of right coronary
rtery and circumflex coronary stenoses. Although in all
ases wall-motion abnormalities were more specific, MCE
as also more sensitive for detecting multivessel disease
ith only a modest loss of specificity [21]); and 4) when
dded to DSE, MCE also had a significant incremental
rognostic value over clinical factors, EF, and wall-motion
esponse to exercise in predicting subsequent death or
on-fatal myocardial infarction. The three-year event-free
urvival rates were 95% for patients with normal wall totion and myocardial perfusion, 82% for normal wall
otion and abnormal myocardial perfusion, and 68% for
bnormal wall motion and myocardial perfusion (22). In
ach study, the incremental value of MCE was attributed to
ts ability to detect perfusion abnormalities and predict
nderlying coronary stenoses before the development of
egmental dysfunction.
oppler tissue imaging. Prior experimental studies have
uggested that isovolumic myocardial acceleration (IVA) by
TI represents a relatively load-insensitive index of LV
ontractility. In a study designed to examine the role of IVA
n assessing regional function, IVA was assessed by TDI,
hich measures net motion in a region of interest and by
onomicrometry, which measures the local segmental con-
ribution to motion during changes in loading conditions,
ontractility, and ischemia. Dobutamine increased contrac-
ility, as assessed by dP/dtmax, with parallel increases in
sovolumic contraction (IVC) velocity and IVA by sonomi-
rometers and DTI. In contrast, volume loading caused a
mall increase in contractility, but IVA decreased markedly.
he response of IVA to changes in pre-load was biphasic,
ith IVA decreasing following both a decrease in pre-load
y IVC occlusion and an increase due to volume loading.
ikewise, during various degrees of ischemia, there was a
rogressive decrease in systolic shortening, but IVA was
reserved. Thus, it appears that while IVA parallels the
lobal response to increasing contractility by dobutamine
nfusion, it does not reflect regional contractility and is
re-load dependent (23).
To test the clinical utility of DTI for differentiating
ransmural from non-transmural infarction, 47 consecutive
atients with acute myocardial infarction were studied 2 to
days after admission by DTI/strain-rate imaging (SRI)
nd contrast-enhanced magnetic resonance imaging (Ce-
RI). Using receiver-operating characteristic (ROC) anal-
sis, a peak systolic strain rate of 0.59 s1 separated
ransmural from non-transmural and subendocardial myo-
ardial infarction, with a sensitivity of 90.9% and 90.9% and
pecificity of 96.4% and 100%, respectively. A cutoff value of
0.98 s1 systolic strain rate 1.26 s1 was able to
istinguish subendocardial infarction from normal with a
ensitivity of 81.3% and a specificity of 83.3%. Thus,
lthough Ce-MRI remains the gold standard, the wider
vailability of SRI could make it a useful alternative (24).
obutamine stress echocardiography. A restrictive filling
attern (RFP) as determined by Doppler echocardiography
n patients with dilated cardiomyopathy is associated with
evere impairment of LV hemodynamics and is a powerful
redictor of increased mortality. In a study examining
hether persistence of an RFP at peak dobutamine stress
ad additional predictive value, 69 patients with ischemic
ardiomyopathy were studied at rest and at peak stress.
orty-two patients had an RFP at rest. At peak stress, the
FP normalized in 24 but persisted in 18 patients. Three-
ear survival rates for patients with no RFP, a resting RFP
hat normalized at peak exercise, and a persistent RFP were
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The Year in Echocardiography February 21, 2006:856–639%, 79%, and 49%, respectively (p  0.001). Compared
ith no RFP, the hazard ratios (HRs) for reversible and
rreversible RFP were 1.9 and 9.5, respectively. The pres-
nce of a persistent RFP was felt to imply a rise in left atrial
LA) pressure and blunted inotropic response that identified
igh-risk patients.
eart failure. PROGNOSIS: Although a wide variety of
chocardiographic parameters can be measured or calculated
n patients with heart failure, many are physiologically or
athematically related, and the relative prognostic value of
hese variables has been unclear. In early heart failure trials,
V size and EF were shown to predict outcome; however,
hese failed to include Doppler variables or the degree of
itral regurgitation. Analysis of imaging and Doppler data
rom 336 heart failure patients (mean EF 24.9%) in the
chocardiography substudy of the Beta-blocker Evaluation
f Survival Trial (BEST) showed that although a number of
maging and Doppler parameters predicted death or a
ombined end point of death, hospitalization for heart
ailure, or transplantation by univariate analysis, only LV
DV index (120 ml/m2) was predictive of death, and only
n LV EDV index of 120 ml/m2), a mitral deceleration
ime (DT) 150 ms, and a vena contracta width 0.4 cm
ere predictive of the combined end point after adjustment
or clinical covariates. Although LV EF was predictive of
urvival on univariate analysis, it was not predictive on
ultivariate analysis, likely reflecting the limited range of
Fs in this study (18). Because of its date of initiation, the
tudy failed to include tissue Doppler or SRI.
The incremental role of tissue Doppler in predicting out-
ome was examined in a study of 193 patients with EFs45%.
n RFP (defined as an E/A ratio2, E=8 cm/s, and a DT
150 ms) was the strongest multivariate predictor of a subse-
uent cardiac event (HR  6.62) during a mean follow-up of
1 year. Other multivariate predictors included QRS duration
144 ms (HR  4.26), LV systolic dimension index 2.75
m/m2 (HR  3.34), and E= 5.5 cm/s (HR  2.48). The
V EF was a univariate but not a multivariate predictor (25).
In a longer follow-up study of 182 patients with impaired
ystolic function (EF 50%; mean 36  9%), the predictive
alue of mitral annulus motion (average of four basal segments)
y DTI for cardiac death during a median follow-up of 48
onths was examined. An early diastolic mitral annular veloc-
ty (Em3) remained the strongest predictor for cardiac death
n a multivariate Cox regression backward analysis adjusted by
ge, Sm, Em, Am, E/Em, and DT. In a model containing
linical risk factors, DT140 and E/Em, addition of Em3
ignificantly improved the predictive value of the model. In this
ess severely affected population, neither moderate/severe mi-
ral regurgitation nor LV systolic dimension was predictive
f outcome. Thus parameters of early diastolic filling (DT
nd E=) appear to be more predictive of outcome than EF in
atients with primarily systolic dysfunction, although the
ppropriate cutoff values and application in different degrees of
ailure still need to be defined (26). qREATMENT—CRT: The role of echocardiography methods
n identifying patients with advanced heart failure most
ikely to benefit from biventricular pacing (BVP), determin-
ng the optimal pacing sequences for individual patients,
nd measuring the time course and degree of function/
orphologic response continues to be an area of significant
nterest. In a detailed study of 41 patients with heart failure
ndergoing BVP, cardiac output, severity of mitral regurgi-
ation, and LV filling time and parameters of inter- and
ntraventricular synchrony were evaluated by echocardiog-
aphy during a variety of pre-determined pacing modes,
ncluding: 1) RV pacing, 2) LV pacing, 3) simultaneous
VP pacing, 4) sequential BVP with RV pre-activation at
nterventricular intervals of 12, 20, 40, and 80 ms, and
) sequential BVP with LV pre-excitation at similar inter-
entricular intervals. Tissue Doppler was used to define the
ime to the onset and peak of ventricular contraction for six
asal and six mid-ventricular segments, with the intra-LV
eak difference equal to the difference between the shortest
nd longest of the 12 electromechanical delay values. An
ndex of systolic dyssychrony was also calculated as the
tandard deviation of the time to peak segmental contrac-
ion within each segment. Delayed contraction was also
efined by strain rate analysis when the peak segmental
ontraction occurred after aortic valve closure, and summed
or affected segments. Compared to baseline, BVP increased
ardiac output and LV filling time and decreased effective
itral regurgitant orifice area (EROA). Optimal BVP,
efined as the pacing sequence that produced the maximum
ncrease in cardiac output, resulted in a further increase in
ean filling period and decrease in EROA. Changes in the
egree of asynchrony observed during the various pacing
odes correlated with changes in cardiac output. These
orrelations were highly significant for intra-LV delay onset
r  0.64, p  0.001), intra-LV contraction peak (r 
0.67, p  0.001), and index of LV dyssynchrony (r 
0.67, p  0.001), whereas septal-posterior wall-motion
elay (r  0.41, p  0.05) and extent of myocardial DLC
hanges (r 1 0.41, p 0.05) revealed significant but lower
orrelations. This study helps define the mechanism of
mprovement following BVP by demonstrating a strong
orrelation between improvement in cardiac output and
arameters of ventricular dyssynchrony. The study also
uggests, but fails to prove, that optimized BVP as com-
ared to BVP may reduce the number of non-responders to
RT (27).
Because of the time required to analyze tissue Doppler
ata, new computer-based analysis programs are continually
eing developed in the hope of streamlining this process.
ne such approach is tissue synchronization imaging (TSI),
hich portrays regional asynchrony on two-dimensional
chocardiographic images by transforming the timing of
egional peak velocity into color codes, which in theory
llow immediate visual identification of regional delay in
ystole by comparing color mapping of orthogonal walls
ualitatively or quantitatively. In a study of 56 heart failure
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February 21, 2006:856–63 The Year in Echocardiographyatients who received CRT, the utility of TSI to predict
everse remodeling was examined. The most common site of
he most severe delay was the inferior wall (25 of 56
atients, 45%), followed by the lateral wall (30%), posterior
all (25%), septal wall (16%), anterior wall (11%), and
nteroseptal wall (5%). Only the presence of lateral wall
elay at baseline was predictive of a positive reverse remod-
ling effect after CRT (defined as a reduction in LV ESV
15%] three months after CRT). Thus, TSI seemingly
rovides information similar to TDI, but it is hoped that
SI will reduce the analysis time, albeit at a step removed
rom the raw data (28).
The effect of the degree of reverse remodeling after CRT
n long-term prognosis was also examined in a study of 141
atients with advanced heart failure. Echocardiography
ollow-up was performed at three to six months, with clinical
ollow-up at a mean of 695  491 days. Using an ROC-
efined cutoff of10% reduction in LV ESV, there were 87
esponders (61.7%). Responders had significantly lower
ll-cause mortality (6.9% vs. 30.6%), cardiovascular mortal-
ty (2.3% vs. 24.1%), and heart failure events (11.5% vs.
3.3%) than non-responders. Although survival was associ-
ted with significantly more dyssynchrony at baseline, in a
ox multivariate regression analysis, the change in LV ESV
as the only significant predictor of all-cause and cardio-
ascular mortality. Left ventricular dyssynchrony at baseline,
ause (ischemic vs. non-ischemic), and clinical parameters,
ncluding 6-min hallway walk distance and quality of life
core, were unable to predict any outcome event, while
mprovement in New York Heart Association functional
lass was only marginal (29).
eft atrium. Doppler parameters provide a beat-to-beat
ssessment of diastolic function, whereas left atrial volume
LAV) has been suggested to be a marker of the chronicity
nd severity of diastolic dysfunction (DD). In a retrospective
tudy of 2,042 subjects (30), it was shown that the LAV
ndex progressively increased with worsening diastolic func-
ion as assess by conventional Doppler indexes. Both DD
nd LAV index were predictive of all-cause mortality, but
hen controlling for DD, LAV index was no longer an
ndependent predictor. In another study (31), LA size was
xamined in 1,777 competitive athletes. Left atrium size
reater than the conventional upper limit of normal (40
m) was observed in 20% (up to 50 mm in males and
5 mm in females). Multivariate analysis showed that LA
nlargement in competitive athletes was largely explained by
V cavity enlargement (R2  0.53) and participation in
ynamic sports such as rowing and bicycling, but minimally
y body size.
ecurrent atrial fibrillation (AF)/stroke. To determine
he relationship of echocardiographic parameters (MR, LA
iameter, and LV function) to recurrence of atrial fibrilla-
ion and/or stroke, follow-up data from 2,474 patients from
he Atrial Fibrillation Follow-up Investigation of Rhythm
anagement (AFFIRM) study who had sinus rhythmesume were analyzed. The cumulative probabilities of at yeast one AF recurrence/stroke were 46%/1% after 1 year
nd 84%/5% by the end of the trial (5 years). Recurrent
F was more likely with larger LA diameters (HR 1.21,
.16, and 1.32 for mild, moderate, and severe enlargement,
espectively). None of these transthoracic echocardiographic
easures was associated with risk of stroke. These results
onfirm several prior studies and suggest that this associa-
ion between LA size and recurrent AF continues even with
he use of current rate-control therapies, including amioda-
one. It also helps to clarify prior conflicting results on the
ole of LA size in predicting recurrent stroke (32).
itral regurgitation (MR). Recent studies have suggested
hat functional assessment of MR by transesophageal echo-
ardiography (TEE) is a strong determinant of valve repa-
ability and post-operative outcome, with significant incre-
ental value over transthoracic echocardiography (TTE).
n a study to determine the relative accuracy of TTE and
EE in predicting the feasibility of valve repair as well as
ost-operative outcome, results from both techniques for
79 patients who underwent surgery for severe MR in two
enters were compared with direct surgical inspection.
greement with Carpentier’s classification was found in
8% of patients by both techniques. Among 190 patients
ith mitral valve prolapse or flail mitral valve, the concor-
ance with surgical findings concerning localization of
rolapsed or flail segments was 91% for TTE and 93% for
EE (p  0.4). However, TEE was more accurate for
isualizing ruptured chords. The feasibility of repair was
ignificantly influenced by localization of prolapse, with
ates of successful repair for isolated P2 lesions, commis-
ural, anterior, and bileaflet prolapse being 99%, 80%, 77%,
nd 60% (p  0.001). The feasibility of valve repair was
redicted by TTE in 97% of cases, with TEE adding
ignificant information in only two (one patient with bileaf-
et prolapse, and one with extensive endocarditis and in-
omplete TTE because of poor image quality). The authors
onclude that in experienced hands, TTE can predict repair-
bility without significant incremental value of TEE (33).
Additional reports have: 1) defined criteria for the diag-
osis of arrhythmogenic right ventricular dysplasia. En-
argement of the right ventricular outflow tract (RVOT)
generally in the absence of global RV enlargement) was
resent in 100% of probands with an RVOT diameter of
30 mm in 89% (sensitivity 89% and specificity 86%). The
ost frequent morphologic abnormality was trabecular de-
angement (54%), followed by a hyperreflective moderator
and in 34% and sacculations in 17% (34); 2) identified a
ew locus at 13q31.3-q32.1 for the genetic defect in a family
itral valve prolapse (35); 3) expanded our understanding of
he pathophysiology of ischemic mitral regurgitation by
emonstrating that papillary muscle dysfunction “per se”
ecreased tethering and MR (36,37); 4) revalidated the
mportance of vegetation size 10 mm and mobility in
redicting embolic complications in infectious endocarditis
38); and 5) identified the multivariate clinical (age 50
ears, female gender, pre-operative AF, and concomitant
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The Year in Echocardiography February 21, 2006:856–63oronary artery bypass grafting) and echocardiographic (LA
iameter 46 mm) predictors of overall mortality in pa-
ients with hypertrophic obstructive cardiomyopathy after
urgical myectomy (39).
UMMARY
hile all cardiac imaging modalities continue to improve,
chocardiography provides unique clinical information that
s readily available at the bedside, in the invasive laboratory,
nd in the operating room. Recent studies illustrate this
otential in heart failure patients where echocardiography
an define baseline hemodynamic status, assess the imme-
iate response (and therefore optimize pacing mode) after
RT, and provide unique prognostic information.
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